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Abstract: The demand of high gain and wideband compact antenna designs are gaining 
importance to fulfil the need of 5G communication systems. This has opened the doors for the 
researchers to explore 5G antennas incorporating metamaterials as they can meet the 
requirement of high gain and wideband compact antennas. Overview of various metamaterial-
based antenna designs including Electromagnetic Band Gap (EBG), artificial Magnetic 
Conductor (AMC), Frequency Selective Surface (FSS) and Partially Reflective Surface (PRS) 
are discussed in the paper. The paper primarily focuses on bibliometric survey of various types 
of 5G metamaterial antennas in terms of number of documents published, leading universities 
actively involved in the related research, distribution of documents in different areas, major 
contribution of authors and leading journal publishing the documents. Scopus database from 
1st September 2014 till date is used to carry out this bibliometric survey. The statistical data 
presented in this paper can provide the prerequisite for the researchers to work in this area. 
 
Keywords: Metamaterials; 5G antenna; Bibliometric; Scopus; VOS viewer tool 
 
1. Introduction 
The demand of compact, high gain, wideband antenna designs capable of enhancing channel 
capacity is gaining importance to meet the requirements of 5G technology. Also, extensive 
Bibliometric surveys are done in 5G and millimeter wave applications to enable the researchers 
to explore novel ideas to improve the overall antenna performance [Malekar et al. 2020, 
Shevada et al. 2020, Dixit et al. 2020]. The dipole antennas can provide enhanced gain, 
bandwidth, and stable radiation pattern [Zheng et al. 2017, Wang et al. 2018, Cui et al. 2013]. 
Multilayer PCB antenna structures can provide multiband operations along with wideband by 
simply exciting the resonant modes [Tang et al. 2018, Huang et al. 2018]. Likewise, the use of 
parasitic elements in antenna design along with different coupling techniques can enhance 
various antenna parameters like bandwidth, isolation, and radiation pattern isolation [Ding et 
al. 2018, Zhang et al. 2018, Chu et al. 2015, Ding et al. 2018, Cui et al. 2018]. Also, the design 
of resonant cavity antennas (RCA) can further enhance the gain, front to back ratio and 
directivity [Liang et al. 2018]. The use of corrugated structures in 5G applications can further 
improvise the antenna performance in terms of size and front to back ratio. Hence, Antipodal 
Vivaldi antenna inclusive of corrugated structures can enhance the antenna gain and is one of 
the important factors to be considered in design of antenna for 5G [Dixit et al. 2021]. The use 
of Dolph Chebyshev current distribution in design of antenna array can reduce side lobes and 
improve the radiation characteristics [Bhadoria et al. 2018]. Recently metamaterial (MTM) 
based 5G antenna designs are widely noticed by the researchers because of their unique features 
of providing enhanced gain, bandwidth, and compact size [Kumar et al. 2021, Dixit et al. 
2020a, Dixit et al. 2020b, Gunjal et al. 2020]. An extensive review is carried out in 5G antenna 
designs which includes various metamaterial-based antenna structures and their applications in 
multiple input multiple output (MIMO) systems [Kumar et al. 2020].  In recent years 5G 
antenna designs including artificial magnetic conductor (AMC), high impedance surface (HIS), 
reactive impedance surface (RIS), partially reflecting surface (PRS), electromagnetic band gap 
(EBG) and metasurface are explore to improve the overall antenna performance. Like perfect 
magnetic or electric conducting surfaces, RIS can also reflect the total power and has the 
capability to conserve magnetic and electric energy simultaneously.  Further, RIS enhances 
bandwidth and reduces antenna size. [Jagtap et al. 2018]. Antenna structures incorporating 
multilayer PRS, AMC or HIS can also improve the gain and bandwidth requirement [Wang et 
al. 2015]. EBG based antenna structure provides better isolation and is best suited for 5G 
MIMO antenna designs [Kumar et al. 2020].  
2. Classification of Metamaterials based on Permittivity and Permeability 
The electromagnetic properties of any material are governed by its permittivity (ε) and 
permeability (µ). Based on the values of ε and µ the classification of metamaterials was first 
proposed by Veselago.  When both permittivity and permeability are negative some unusual 
phenomena occur like reversal of Snell Law and Doppler Shift. The relation between 
permittivity, permeability, and refractive index (n) is given by 
𝑛 = ±√𝜀𝑟µ𝑟 
Where µr and εr are relative permeability and relative permittivity of a medium. Therefore, 
based on the value of ε and µ in addition to the sign metamaterials are broadly classified in to 
four distinct categories as shown in the figure 1. Each class represents different metamaterial 
structure [Picchio et al. 2020].  
 
 
Figure 1: Classification of metamaterials based on refractive index (n), permittivity 
(ε) and permeability (µ). 
The first quadrant represents double positive (DPS) materials as both µ and ε are positive. The 
material is also called as right-handed medium and EM waves can propagate. These materials 
are easily found in nature. In second quadrant the value of ε <0 and μ >0 hence, these materials 
are referred as epsilon negative (ENG) materials and represents electric plasma. The third 
quadrant represents double negative (DNG) materials as both µ and ε are negative and are also 
referred as left-handed medium. The EM waves can propagate through left-handed medium 
and such materials are not found in nature. In fourth quadrant ε >0 and μ <0 hence these 
materials are referred as mu negative (MNG) and represents ferrite materials [Kumar et al. 
2021].  
3. Metamaterials in antenna design 
Electromagnetic metamaterials generally referred to as metamaterials are artificial materials 
found in nature with unusual properties. MTMs are composed of microstructures usually called 
as unit cells. These structures can be antisymmetric or symmetric [Picchio et al. 2020]. The 
geometry and size of each unit cell determines the value of permittivity, permeability, and 
resonant frequencies [Phan et al. 2016]. The unit cell size is a function of frequency and varies 
with respect to the resonant frequency (fr).  As represented in figure 2 the size of a unit cell is 
less than 1/10 of the wavelength. As per the available literature the basic designs used in most 
of the metamaterials are electric dipoles and split ring resonators (SRRs). As shown in figure 
2, it is observed that as the size of the inclusion decreases the order of Hilbert fractal curve 
increases [Krzysztofik et al. 2014a, Krzysztofik et al. 2013b, Krzysztofik et al. 2017c].  
 
 
Figure 2. (a) SSR based unit cell, (b) 2nd order Hilbert fractal inclusion, (c)square spiral, (d) 
3rd order Hilbert fractal inclusion, (e) 4th order Hilbert fractal inclusion [Krzysztofik et al. 
2014a, Krzysztofik et al. 2013b, Krzysztofik et al. 2017c]. 
The antenna performance such as high gain [Wu, et al. 2016, Bhaskar et al. 2016], multiband 
structures [Si L et al. 2015a, Si L et al. 2015b] along with beam steering [Dadgarpour et al. 
2016, Li J et al. 2017] can be enhanced using metamaterials in antenna designs. A 5G mmWave 
metamaterial-based antenna design capable of providing high gain is discussed [Jiang et al. 
2019]. The shared-aperture MTM antenna design can also provide orthogonal pattern diversity 
and enhanced mutual coupling. Also, the design is suitable for 5G base stations as it can provide 
wide frequency band [Sadananda et al. 2019]. The negative refractive index metamaterial 
(NRIM) along with dielectric resonators (DRA) provides dual polarization and enhance 
bandwidth [Li J et al. 2017]. The MTM based AVA design with and without corrugated 
structures are designed and shows that the design with corrugation provides better bandwidth 
and is suitable for 5G applications [Dixit et al 2020c]. 
4. Metamaterial Induced Antenna Gain and Bandwidth Enhancement 
The available literature highlights that low profile antenna structures exhibits low gain and 
narrow bandwidth. There are multiple methods available so as to enhance the antenna gain and 
bandwidth [Hema et al. 2021, Shevada et al. 2021, Gunjal et al. 2020]. Over last few years 5G 
antenna designs incorporating metamaterial structures are widely explored.  A planar MTM 
based antenna design capable of providing impedance bandwidth of 3.08 – 11.7 GHz and 13.6 
– 36.4 GHz respectively with peak gain of 8.02 dBi is presented in [Yuan et al. 2017]. A DNG 
based dual band antenna design can provide a gain of 7.45 dBi and bandwidth of 6 GHz [Urul 
et al. 2020]. Antenna design using split ring resonator (SSR) with and without corrugated 
structures can provide a gain upto 7dBi and bandwidth of 230 – 420 MHz [Patel et al. 2016]. 
In addition, a Fabry Perot Cavity (FPC) antenna structure incorporating partially reflective 
surface (PRS) can provide 8.2 dBi gain with impedance bandwidth of 2.2 GHz [Meriche et al. 
2019]. Further, antenna designs based on electromagnetic band gap (EBG) [ Verma et al. 2020, 
Alibakhshikenari et al. 2019], Frequency selective surfaces [Thummaluru et al 2018, Hassan 
et al. 2018, Akbari et al. 2017], artificial magnetic conductors [Zhu et al 2018] can also be 
incorporated in 5G antenna designs to enhance gain and bandwidth. 
5. Metamaterial Based Compact Antenna Designs 
Antenna miniaturization deals with reduced size antenna designs capable of providing desired 
gain and bandwidth. Traditional method of designing miniaturized antenna includes use of high 
permittivity and permeability materials. A complimentary SRR based antenna structure can 
provide a compact antenna of size 23 mm x 29 mm that can cover a wide band of 3 - 12 GHz 
[Khan et al. 2016]. EBG based low profile wearable antenna design exhibits a compact size of 
20 mm x 25 mm within the frequency band of 3.1 - 10.6 GHz [Sambandam et al. 2020]. 
Metamaterial based antenna design suitable for biomedical application has a size of 7 mm × 6 
mm [Zada et al. 2020]. A compact antenna design inclusive of metamaterial is suitable for 5G 
application and has a size of 31 mm x 31 mm [Gulur et al 2019]. In addition, various structures 
incorporating metamaterials include loops, leaky-wave, and dipoles [Bonefacic et al. 2012, Xi 
et al 2019]. 
6. Bibliometric Analysis of Metamaterial Based 5G Antennas 
The amount of research work displayed in the field of metamaterial based 5G antenna designs 
can be quantified by means of Bibliometric survey. Scopus database from 2014 till date is 
analysed and summarized in this section via line charts, bar charts, tables, and VOS viewer 
tool. The main aim of this quantitative analysis is to explore the amount of work done and to 





Figure 3: Number of documents published per year 
 
Figure 3 represents year wise statistical data highlighting the number of documents published 
in the field of metamaterial based 5G antenna designs. As per the statistics the research work 
was primarily reported in 2014 with 2 documents. The research work shows a rising profile 
from 2015 onwards till date with a maximum of 59 documents in the year 2020. The total 
number of documents published from 2014 till date are 175 as per Scopus database thereby 
indicating the thrust of research work in 5G communication.    
The distribution of metamaterial based 5G antenna document types include conference papers, 
articles, conference reviews and review papers as shown in figure 4. According to the 
quantitative data represented it is observed that out of 175 documents 78 are conference papers 
(44.6%), followed by 73 articles (41.7%), 20 conference review papers (11.4%) with merely 4 
review papers (2.3%). A majority of research work carried out by is published in conferences. 
The bar chart of the number of documents published by top 10 universities across the world is 
represented in figure 5. The Indian Institute of Technology Delhi tops the chart with a 
maximum of 11 documents published followed by University Tecknologi Malaysia and Xidian 
University with 10 and 6 documents, respectively. As per the Scopus database from 2014 till 
date, total 160 universities worldwide have contributed to the field of metamaterial based 5G 
antenna designs indicating its significance. 
 




Figure 5: Bar chart of number of documents published by top ten universities 
 
Figure 6 highlights year wise publications in top five journals indicating a maximum count of 
8 documents in IEEE Access followed by International Journal Of RF And Microwave 
Computer Aided Engineering and Microwave and Optical Technology Letters with 7 
documents each. Journals namely Lecture Notes in Electrical Engineering published 6 
documents and IEEE Transactions on Antennas and Propagation published 5 documents.  
 
Figure 6:  Number of documents published per year in various journals 
 
 
Figure 7: The bar chart of research contribution by top ten authors 
 
Lot of researchers are working in 5G antenna designs incorporating metamaterials since 2014. 
A quantitative analysis is represented in figure 7 indicating research contribution by top 10 
authors. According to Scopus database total 159 research scholars are working in the field of 
metamaterial based 5G antenna designs with  a maximum count of 11 documents published  by 
author Koul, S.K. followed by Rahim, M.K.A.with 10 publications,  Abegaonkar, M.P. with 8 
publications, Karthikeya, G.S. with 6 publications and 5 publications by Aminu-Baba, M. and 
Zhao, L. respectively.  
The design of 5G antennas using different types of metamaterials with variations in unit cell 
structures is available in the literature survey. This research work is not only restricted to the 
field of Engineering but includes various other fields like computer science, physics and 
Astronomy, Material Science, Mathematics, Decision Science, Energy, Medicine, Social 
Science, Biochemistry and others. The distribution of 175 documents by subject area is 
illustrated in figure 8 emphasizing a maximum of 117 documents (28.4%) in Engineering, 103 
documents (25%) in Computer Science and 78 documents (18.9%) in the field of Physics and 
Astronomy.   
Figure 8: Distribution of documents by subject area 
 
The researchers all over the world are contributing to the field of 5G antenna designs 
integrating various types of metamaterials. Table 1 throws light on the number of documents 
published in the first 10 countries/territories. Figure 9 illustrates network visualization 
depicting the interlinkage of indexed keywords and the source titles using the VOS viewer tool. 
Different keywords of the source titles like 5G communication systems, metamaterial antennas, 
metamaterials, etc are indicated by circles in the network and the curved lines interconnecting 
the circles represents linkage between the keywords. 
 
Table 1: Number of documents published by Countries/Territories 





United Kingdom 11 
Egypt 10 
United States 9 
Pakistan 7 
South Korea 7 
Saudi Arabia 6 
 
Table 2 displays highly cited top five publications in the field of metamaterial 5G antennas 
along with year of publication, authors name and Journal title. As mentioned in the table the 
article published by author Haraz O.M in IEEE Access (2014) was cited 94 times by the 
researchers. This paper presented a design of 5G antenna incorporating EBG structure capable 
of providing improved radiation characteristics.  
 










The bibliometric paper presented explores the statistical data in the field of metamaterial 5G 
antenna design. The quantitative analysis is carried out based on the Scopus database from 
2014 till date including a total of 175 papers published in various journals, by different 
researcher scholars from all over the world working with different universities. Some of the 
noteworthy facts that can be summarized are Indian Institute of Technology Delhi ranks 1st and 
had publish a total of 11 documents and also amongst all the countries/territories India holds 
1st rank in publishing documents with 41. This indicates a massive research work carried out 
by the researchers in the field of 5G antenna designs incorporating metamaterials in India. In 
addition, network visualization depicting the inter linkage of indexed keywords like 
metamaterials, 5G mobile communication system and microwave antennas is viewed in the 
paper using VOS viewer tool.  Finally, the bibliometric paper will help the researchers to 
narrow down the spectrum of research thereby helping them to focus on the research area by 
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